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BODIPY
Difluoro-boradiazaindacene
- Small molecules
- Large molar absorption coefficients
- High fluorescence quantum yields
- relatively insensitive to the polarity and pH of their environment
- Small Stokes’ shift
- Fluorescence Emission below 600 nm
- Low solubility in water
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3Energy Transfer Cassettes
BODIPY – the problem of the small Stokes’ shift
Stokes’ Shift
Excitation light
Emission light
Pseudo Stokes’ Shift
Emission light
Energy transfer
Fluorescent entity
ACCEPTOR
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BODIPY – Our approach
BODIPY – naphthalimide cassette 
BODIPY unit
Naphthalimide unitN N
B
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5Energy Transfer Cassettes
BODIPY – Naphthalimide
nm
UV - Fluo spectra in CH3CN
UV: λmax = 522 nm 
(ε = 50100 M-1cm-1)
FLUO: λmax = 534 nm (Φ = 0.7, τ = 5.43)
440 nm (Φ = 0.4, τ = 5.43)
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BODIPY – Naphthalimide
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UV - Fluo spectra in CH3CN
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Φfluo = 0.7
R0 = 28.7 Å
R = 10.0 Å
kEET=1.0x1011 s-1
J = 1.6x10-10 cm6mol-1
ΦEET = 1.0
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BODIPY – Naphthalimide
Confocal microscopy images of HeLa cells 
incubated with 1 (λexc = 514 nm)
Localized spectra of the confocal microscopic images 
λmax = 542 nm
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BODIPY – Naphthalimide
OPE 514 nm
OPE 440 nm
540 nm
hν
hνhν
Confocal microscopy images of HeLa cells 
incubated with 1 (λexc = 514 nm)
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BODIPY – Naphthalimide
Two-photon microscopy images of HeLa cells 
incubated with 1
OPE and TPE emission spectra of 1
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λmax = 542 nm
Laser excitation: 720 nm 880 nm 1040 nm 
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Energy Transfer Cassettes
BODIPY – Naphthalimide
Two-photon microscopy images of HeLa cells 
incubated with 1
Laser excitation: 720 nm 880 nm 1040 nm 
1
BODIPY unit 2
Naphthalimide unit 3
Two-photon absorption spectra
TPA cross section 
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Energy Transfer Cassettes
BODIPY – Naphthalimide
TPE 880 nm
OPE 514 nm
OPE 440 nm
TPE 1030 nm
540 nm
hν
hνhν
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BODIPY – Naphthalimide
Fluorescent silica nanoparticles
Biomolecules
SiO2
hydrophilicity, 
biocompatibility 
stability  under physiological 
conditions
Incorporation on SiO2 particles surfaces...
SiO2 particles
O N O
HN
COOH
EDCI
NHS
DMF
2 µmol –Naphtalimide/ g SiO2 particles
0.6 µmol –Naphtalimide/ g SiO2 particles
TEOS
NH4OH
EtOH
r.t. 12h
140 nm diameter
APTES
20 µmol –NH2/g SiO2 particles
BODIPY – Naphthalimide
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Ninhydrin test
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UV - Fluo spectra in DMF
λem = 520 nm
τ = 8.0 ns
λabs = 440 nm
EDCI / NHS
DMF
2 µmol –Naphthalimide/ g SiO2 particles 2 µmol –Naphthalimide/ g SiO2 particles
0.2 µmol –BODIPY/ g SiO2 particles
Incorporation on SiO2 particles surfaces...
BODIPY – Naphthalimide
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Molecular ratio: 3 Naphthalimide / 1 BODIPY
Molecular ratio: 10 Naphthalimide / 1 BODIPY
0.6 µmol –Naphthalimide/ g SiO2 particles
0.2 µmol –BODIPY/ g SiO2 particles
0.6 µmol –Naphtalimide/ g SiO2 particles
λabs = 520 nm
Absorption spectra of surface modified 
naphthalimide-BODIPY silica 
nanoparticles in DMF
EDCI / NHS
DMF
2 µmol –Naphthalimide/ g SiO2 particles 2 µmol –Naphthalimide/ g SiO2 particles
0.2 µmol –BODIPY/ g SiO2 particles
Incorporation on SiO2 particles surfaces...
BODIPY – Naphthalimide
15Wavelength (nm)
Molecular ratio: 3 Naphthalimide / 1 BODIPY
Molecular ratio: 10 Naphthalimide / 1 BODIPY
0.6 µmol –Naphthalimide/ g SiO2 particles
0.2 µmol –BODIPY/ g SiO2 particles
0.6 µmol –Naphtalimide/ g SiO2 particles
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λexc = 440 nm; λem = 536 - 540 nm
τ = 5.3 ns
OPE emission spectra of surface modified 
naphthalimide-BODIPY silica 
nanoparticles in DMF
2.8-fold increase
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TPE emission spectra of 1 and
naphthalimide-BODIPY silica 
nanoparticles in DMF
Incorporation on SiO2 particles surfaces...
BODIPY – Naphthalimide
EET
1 (λexc = 880 nm)
Surface modified silica nanoparticles
(λexc = 880 nm)
440 nm
880 nm
OPE
TPE
540 nm
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